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13.  AtSTRACT  (Maximum  200  wordi) 

Asphalt  rubber  concrete  pavements  include  at  least  two  types  of  Hexible  pavement  suifacings  made  with 
asphalt  rubber  cement  as  the  binder,  stone  mastic  and  open-graded  mixtures.  The  asphalt  rubber  binder  generally 
contains  15-25  percent  recycled  scrap  tire  rubber  blend^  with  standard  paving  grade  asphalt  cement.  Asphalt 
rubber  concrete  pavements  are  applicable  to  virtually  any  flexible  pavement  surfacing  requirement,  providing 
such  performance  benefits  as  reduced  temperature  susceptibility,  reduced  low-temperature  cracking  potential, 
reduced  high  temperature  deformation  distress  potential,  reduced  age-hardening  potential,  and  reduced  binder- 
aggregate  stripping  potential. 

This  report  includes  discussions  of  the  description,  applications,  benefits,  limitations,  costs,  and 
recommended  uses  for  asphalt  rubber  concrete  pavements.  A  model  guide  specification  for  open  and  gap-graded 
a^halt  rubber  concrete  pavements  is  also  provided  in  the  appendix  of  this  report. 
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1  Executive  Summary 


Description 

Aqihalt  rubber  concrete  pavements  include  least  two  types  of  flexible 
pavement  surfiKing  often  made  with  as|^alt  rubber  cement  as  the  binder; 
stone  mastic  and  open-graded  mixtures.  (There  is  some  disagreement  in  die 
industry  conoemlng  die  definition  of  a  stone  mastic  versus  open  or  gap<fraded 
mixtures.  Ibis  report  does  not  attempt  to  addrem  dtat  agreement  but  includes 
both  descriptions  ftw  the  reader's  benefit.)  ‘Dw  asphalt  rubber  binder 
generally  contains  15-30  percent  of  finely  ground  up  recycled  scrap  tire 
robber  blended  widi  standard  paving  grade  asphalt  cement.  The  recycled 
rubber  it  ground  to  various  p^cle  sizes,  priUendod  with  the  asidialt  cement 
at  elevated  ndxing  temperatures,  and  dien  tuad  in  the  same  manner  as 
standard  asphalt  cemams  are  used  in  flexible  pavemem  suiftce  mixtures. 

Applications 

A^ihalt  robber  eoncreie  pavemeais  aro  applicable  to  virtually  any  flexible 
pavement  surftdog  roquirernent.  Saccestfal  appUcadons  of  as|4ialt  rubber 
concrete  pavemem  have  been  documented  for  airports,  besviiy-trafflcked 
highways,  and  urban  roads  and  streets. 

Banafitt 

Asphalt  rubber  concrete  pavements  can  provide  several  performance 
banefiis  over  traditional  aspMt  concrete  pavements,  including:  reduced 
tenyerature  susceptibility,  reduced  low-temperature  cracking  potemial, 
reduced  high-temperamre  deformation  distrm  potential,  reduced 
age-hardening  potential,  and  reduced  binder-aggregate  stripping  potential. 

The  increased  viscosity  of  asphalt  robber  binders  make  them  particularly 
well-suited  for  stone  mastic  and  open-graded  paving  mixtures. 

Limitations 

The  use  of  asphalt  rubber  materials  may  be  frxnewhat  limited  by  local 
availability.  It  it  oqpected  that  the  number  of  asphalt  rubber  supplim  will 
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increase  and  become  more  widespread  in  the  coming  years  as  this  technology 
becomes  more  popular,  however.  Hie  most  notable  limitation  in  using  asphalt 
rubber  currently  is  die  determination  of  whether  die  projected  cost  savings 
lirom  improved  performance  outweighs  die  higher  initial  costs  of  materials  and 
construcdon. 

Costs 


Asphalt  rubber  concrete  pavements  can  cost  50-150  percent  more  to 
produce  and  place  when  compared  to  standard  asphalt  concrtte  pavements. 
Lifo-cycle  cost  savings  should  be  realized  widi  asphalt  rubber  concrete, 
however,  as  certain  t^iplicatioiis  will  provide  reduced  maintenance  costs  and 
longer  service  lives.  The  projected  life-cycle  cost  savings  must  exceed  the 
increased  cost  of  construcdon  in  order  for  the  andudf  rubber  altemadve  to  be 
cost-effocdve. 

Recommendations  for  Use 

Aeihah  rubber  concrete  pavement  is  recommended  for  use  whenever  local 
experience  widi  standard  asphalt  concrete  pavemam  indicates  diat  the  asphalt 
rubber  altemadve  will  provide  performance  and  cost  saving  benefits  that 
outweigh  die  higher  inMat  cost  associated  whh  asphalt  rubber.  The  asphalt 
ruUier  concrete  altemadve  is  generally  suithMe  for  any  type  of  flexible 
pavement  system.  As  this  is  an  emerging  ladiaology,  any  recem  local 
experienceB  and  the  latest  design  and  construction  guidanm  should  be  used 
when  involved  in  an  asphalt  rubber  concrete  pavement  project. 

No  guide  apecUkadoa  for  military  oonatniedon  cunendy  exiits  flur  aqihalt 
nfober  ooncreta  paveaaaais.  Guide  siecificadona  on  this  tedmofogy  have  bean 
preparad  by  acveral  other  govemaaenm  trawpocmhin  agendai  and  by  private 
industry,  however.  One  example  of  e  guide  ^wcHication  for  open  and 
gip-gradad  aqihalt  rubber  concrete  pavamanta  la  found  in  App^ix  A  of  this 
report.  It  Is  recommended  that  this  guide  specification  be  us^  as  a  modal 
undl  such  dme  that  a  Corps  of  Enginaan  Guide  Spedficatioa  (CEGS)  is 
putdished  or  undl  a  more  suitable  guide  specifiation  modd  is  produced. 

Points  of  Contact 

Points  of  contact  legarding  this  teduoiogy  are: 
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T«ohnleal 


Director 

U.S.  Army  Waterways  Experiment  Station 
ATTN:  CEWES-OP-Q  (Mr.  Gary  L.  Anderton) 
3909  Halls  Ferry  Road 
Vicksburg,  MS  39180^199 
Telephone:  601-634-29S5 
Facsimile:  601-634-3020 

FEAP  Program  Monitor 

Commander 

II.S.  Army  Center  for  Public  Works 

ATTN:  CECPW-ER  (Mr.  Lloyd  N.  Weithmuller) 

7701  Telegraph  Road 

Alexandria,  VA  22310-3862 

Telephone:  703-806-S997 

Facsimile:  703-80fr-5219 
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2  Preacquisition 


Description  of  Asphalt  Rubber  Binders 

A^alt  nibher  binders  are  produced  by  blending  and  reacting  traditional 
asphalt  cements  with  lS-25  percmt  ground  reclainoed  tire  rubber  at  elevated 
mixing  temperatures.  Reaction  of  the  rubber  particles  in  the  asphalt  cement 
generally  involves  blending  for  an  hour  or  more  at  tmiqwratures  in  the 
175-205  deg  C  range.  This  reaction  time  allows  the  rubber  particles  to  swell* 
producing  a  binder  with  in^roved  temperature  susc^tibility,  flexibility  and 
elasticity  as  compared  to  most  unmodified  asphalt  cements.  The  antioxidants 
and  carbon  black  in  foe  tire  rubber  also  act  to  reduce  foe  naforal  aging  process 
of  the  binder. 

Higher  foan  normal  binder  contents  Q-S  percent  higher)  can  be  utilized 
with  aqphalt  rubber  binders  because  of  foeir  higher  viscosities  at  typical 
asphalt  concrete  mix  tenqperatures.  The  higher  viscosities  and  higher  binder 
contents  result  in  foicimr  binder  films  o?  foe  aggr^tes,  which  in  turn 
inqtroves  aging  resistance  and  durability.  Higher  binder  contents  also  provide 
greater  flexibility  in  foe  pavement  surfocing*  incretsing  foe  pavement’s 
resistance  to  fotigue  cracking. 

Applications 

Asphalt  rubber  binders  have  been  successfully  used  in  foe  past  in  several 
pavement  applications,  including:  pavement  crack  and  joint  sealants,  stress 
absorbing  membrane  (SAM)  surfacings,  stress  absorbing  membrane  interlayers 
(SAMI),  and  various  types  of  hot  mix  asphalt  (HMA)  applications.  In  recent 
years,  the  development  of  foe  asphalt  rubber  HMA  t^nologies  has  gained 
interest  in  the  pavements  community.  Hie  highly  viscous  nature  of  asphalt 
rubber  binders  make  foem  particularly  well-suited  for  gap-graded  oi  "stone 
mastic"  mixtures  and  open-graded  mixtures.  These  two  types  of  HMA 
surfacings  are  relatively  new  to  U.S.  practice.  The  asphtdt  rubber 
technologies;  however,  are  replicable  to  virmaliy  any  flexible  pavement 
system  where  increased  durability  and  resistance  to  cracking  and  weathering 
are  desired.  Successfol  implications  of  asphalt  rubber  concrete  pavement  have 
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bMHi  documented  for  airports,  heavily-trafficked  highways,  and  urban  roads 
andttreats. 

Design  Methods 

Areas  of  design  ^ich  must  be  addressed  for  both  the  stone  mastic  and 
open-graded  asidialt  rubber  ^plications  include  diose  of  the  asphalt  rubber 
binder,  aggregates,  aq>hait  rubber  and  aggr^ate  mixture,  and  the  pavement 
cross  section  or  thickness  design.  Each  of  these  design  areas  are  addressed  in 
the  guide  qmcification  found  in  the  appendix  of  fols  rqx>rt.  However,  die 
asphalt  rubber  HMA  area  is  a  develr^ing  technology  and  the  latest  design 
guidance  and  experienced  contractors  should  be  sought  out  on  eadi  project. 
General  design  considerations  not  speciAcally  addressed  in  the  attached  guide 
specification  are  discussed  in  die  following  paragraphs. 

As  widi  any  pavement  design,  die  stiection  of  materials  should  be  heavily 
Influenced  by  load  experiences.  Since  the  rubber  panicles  create  a  hi^ly 
viscous  binder,  a  good  rule  to  follow  when  selecting  the  base  asphalt  cement 
is  to  use  one  g^e  lower  (or  less  viscous)  dian  the  grade  normally  used  in  the 
particular  area.  The  amount  of  rubber  uswl  in  die  binder  will  to  a  large  extent 
determine  the  amount  of  the  increased  viscosity.  Also,  the  chemical  make-up 
of  the  a^alt  cement  will  influence  die  degree  of  reaction  that  occurs  and 
therefore  die  quality  of  the  resulting  binder.  Asphalts  which  have  higher 
degrees  of  aromaticity  will  dissolve  and  interact  with  die  ground  tire  rubber  to 
a  much  greater  degree  dian  asphalts  with  lower  aromatic  contents.  Ground 
rubber  particle  size,  shape  and  texture  can  also  influence  die  physical 
characteristics  of  the  resulting  a^ihalt  rubber  binder.  Use  of  local  experience 
or  the  experiences  of  similar  projects  from  similar  environments  will  aid  in 
die  sdecten  of  die  proper  as^alt  rubber  material. 

There  should  be  no  significant  difference  in  the  required  aggregate 
properties  whmi  using  asphalt  rubber  binders  in  either  the  stone  mastic  or 
open-graded  asphalt  mixtures.  It  is  possible  to  decrease  the  amount  of  fine 
aggregates  required  in  bodi  types  of  HMA  applications  as  the  increased  binder 
commits  and  viscosities  will  Ml  some  of  die  void  spaces  created  by  the  lack  of 
fine  aggregates  widiout  substantial  loss  in  stability.  The  recommended 
aggregate  gradations  for  bodi  types  of  HMA  applicacions  are  given  in  the 
guide  specification  found  in  the  appendix  of  this  r^rt. 

There  are  two  areas  of  mix  design  that  will  be  different  udien  using  asphalt 
rubber  binders  in  stone  mastic  or  open-graded  asphalt  mixtures.  The  first  .irea 
of  significant  difference  is  the  iucreased  binder  content  allowed  by  the  asphalt 
rubbm’s  hi^er  viscosity.  Binder  content  increases  of  2-5  percent  may  be 
physically  possible  widiout  negative  effects,  but  the  increased  binder  content 
for  asphalt  rubber  mixtures  will  generally  be  limited  by  die  desired  pavement 
inqirovemaits  and  costs.  As  a  minimum,  the  binder  content  should  be 
inoreat^ed  for  an  asphalt  rubber  mixture  by  an  amount  equal  to  die  amount  of 
rubber  in  die  binder.  The  second  area  of  mix  design  requiring  a  significant 
change  for  asphalt  rubber  mixtures  is  the  mix  tenqierature.  Because  of  the 
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incmsed  vbcoslUtt  of  asphalt  rubber  binders,  mix  temperatures  are  usually 
increased  lS-40  deg  C.  The  particular  viscosity  characteristics  of  the  asphalt 
rubber  binder  used  will  determine  the  mix  desi^  temperature.  These  two 
issues  as  well  as  others  relating  to  asphalt  rubber  concrete  mix  design  are 
addressed  in  the  attadied  guide  specification. 

Thickness  designs  are,  fbr  die  most  part,  unchanged  for  asphalt  rubber 
concrete  mixtures.  Open-graded  asphalt  surfacings  are  generally  only  3/4-  to 
l-in.-thick  when  unm^ified  binders  are  used  and  there  is  no  current  evidence 
to  warrant  any  change  in  diickness  for  asphalt  rubber  open-graded  surfacings. 
At  least  two  states,  Arixona  and  California,  have  successftdiy  constructed 
aqihalt  rubber  dense-graded  roadway  surfacings  at  on»half  of  die  design 
diickness  for  an  unmodified  dense-graded  surfacing*.  Therefore,  although  the 
stone  mastic  aggr^ate  grading  is  quite  different  from  the  traditional 
dense-graded  system,  it  could  be  possible  to  reduce  the  SM A  thickness  when 
asphalt  rubber  bindtts  are  used.  This  concept  of  reduced  thickness  with  equal 
p<^rmance  for  asphalt  rubber  stone  mastic  surfecings  must  be  proven  in  field 
trials  bdbre  a  full-scale  application  is  attempted,  however. 

Construction  Techniques 

Construcdon  of  an  as{dudt  rubber  concrete  pavement  requires  a  few 
changes  from  die  techniques  used  with  unmodified  asphalt  concrete  mixtures. 
The  first  of  diese  modifications  is  at  die  asphalt  plant  where  the  asphalt  rubber 
concrete  mixture  is  produced.  Most  asphalt  rubber  binders  will  require  a 
separate  binder  storage  tank  with  appropriate  agitation  to  prevent  s^pegation 
of  die  ground  tire  rubber  and  aqihalt  cement.  This  storage  tank  must  be  able 
to  evenly  heat  die  binder  at  elevated  tempvatures,  generally  150-190  d^  C. 

In  addition  to  diis  storage  tank,  a  separate  supply  system  equipped  widi  a 
pun^i  and  metering  device  c^i^le  of  combining  the  viscous  asphalt  rubber 
binder  with  the  aggr^ates  at  die  correct  percoitage  should  be  used. 

The  most  notable  difference  between  asphalt  rubb^^  concrete  mixtures  and 
unmodified  asphalt  concrete  mixtures  during  placement  is  the  mix 
temperature.  Asphalt  rubber  concrete  mixtures  are  required  to  be  at  least  IS 
d^  C  higher  than  unmodified  mixtures  and  can  be  up  to  40  deg  C  higher  if 
needed.  The  increased  mix  temperature  allows  asphalt  rubber  concrete 
mixtures  to  be  hauled,  placed,  and  conqiacted  in  much  the  same  manner  as 
unmodified  mixtures.  Because  the  as|dialt  rubber  mixtures  tend  to  be 
somewhat  sticky  when  hot,  rubber  tire  rollers  will  usually  pick  up  the  mix 
during  compaction  and  dierefore  are  not  used  to  compact  asphalt  rubber 
concrete  mixtures.  Rubber  tire  rollers  are  generally  not  used  on  open-graded 
and  stone  mastic  mixes  regardless  of  the  binder  type,  so  their  exclusion  from 
these  mixture  types  widi  asphalt  rubber  binders  should  not  be  an  issue. 

Quality  control  testing  of  asphalt  rubber  concrete  mixtures  is  also  slightly 
modified  to  account  for  die  different  binder.  Current  methods  of  binder 
extraction  using  solvents  are  not  effective  in  determining  binder  content.  It  is 
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possible  through  standard  extraction  techniques,  however,  to  clean  the 
aggregates  in  an  asphalt  rubber  concrete  sample  to  a  point  where  a  suitable 
sieve  analysis  can  be  conducted.  Nuclear  gauges  designed  to  determine  binder 
contents  are  currently  the  most  effective  method  of  determining  asphalt  rubber 
binder  contorts  in  field  sanqrles. 

Umitations/Disadvantages 

The  use  of  asphalt  rubber  binders  in  either  an  open-graded  or  stone  mastic 
mixture  may  be  somewhat  limited  by  local  avaUabUity  of  the  binder.  It  is 
expected  that  the  number  of  reclaimed  rubber  and  asphalt  rubber  suppliers  will 
increase  and  become  more  widespread  in  the  coming  years  as  this  te^nology 
becomes  more  popular,  however.  Also,  new  techniques  involving  central 
plant  produaion  of  more  stable  blends  should  make  these  binders  easily 
a.;cessible  to  virtually  any  asphalt  concrete  plant  location  in  the  near  future. 
Hie  number  of  paving  contractors  experienced  in  constructing  asphalt  rubber 
concrete  pavements  is  another  limitation  that  should  be  lessened  as  the  asphalt 
rubber  industry  continues  to  grow. 

The  most  notable  limitation  in  using  asphalt  rubber  binders  currently  is  the 
initial  or  "first''  cost.  Current  cost  comparisons  indicate  that  asphalt  rubber 
concrete  pavements  can  cost  SO-ISO  percMt  more  to  produce  and  place  when 
compared  to  unmodified  asphalt  concrete  pavements^.  Therefore,  the 
projected  cost  savings  from  improved  performance  Conger  pavement  life 
and/or  less  maintenance)  must  outweigh  the  higher  initial  construction  costs  in 
order  for  the  asphalt  rubber  alternative  to  make  economic  sense.  Further 
information  on  the  cost  issue  is  provided  in  the  following  section  of  this 
chapter. 

Life  Cycle  Costs 


Asphalt  rubber  binders  typically  cost  from  two  to  four  times  as  much  as 
unmodified  asphalt  cement^.  This  binder  cost  increase  can  result  in  a  50-150 
percent  increase  in  the  cost  of  an  open-graded  or  stone  mastic  pavement 
surfacing.  Ev.°u  with  this  considerable  increase  in  initial  cost,  there  are 
numerous  considerations  that  could  make  an  a.sphalt  rubber  concrete  pavement 
less  expensive  than  an  unmodified  asphalt  concrete  pavement  in  terms  of  life 
cycle  costs  and  possibly  even  in  initi^  cost.  These  considerations,  which  have 
already  been  proven  in  many  field  ^plications',  include:  reduced  thickness 
with  equal  or  better  performance,  allowance  of  a  less  expensive  overlay  design 
versus  a  reconstruction  design,  and  reduced  maintenance  costs.  Each  of  these 
considerations  along  with  any  others  that  effect  life  cycle  costs  will  have  to  be 
considered  when  making  economic  comparisons  between  asphalt  rubber  and 
unmodified  asphalt  concrete  mixtures. 

In  attempting  to  project  the  future  of  asphalt  rubber  prices,  it  is  helpful  to 
note  the  bid  experiences  of  the  state  of  Arizona,  perhaps  the  most  experienced 
state  in  terms  of  asphalt  rubber  usage.  During  the  last  ten  years  in  Arizona, 
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the  average  low  bid  price  for  asphalt  rubber  cement  has  fallen  from  SOS  $/ton 
to  263  S/ton^.  During  this  same  time  frame,  the  national  average  cost  of 
asphalt  cement  has  fallen  from  the  1S0-17S  $/ton  range  to  approximately  12S 
$/ton.  If  this  trend  continues,  the  initial  cost  difference  between  AR  concrete 
pavements  and  unmodified  AC  pavements  will  become  even  smaller. 

Advantages/Benefits 

Asphalt  rubber  binders  can  provide  a  number  of  advantages  over 
unmodified  asphalt  cements  when  used  in  open-graded  or  stone  mastic  asphalt 
concrete  pavement  surfiicings.  Some  of  these  benefits  are  due  to  the  unique 
physical  and  chemical  characteristics  of  the  asphalt  rubber  binder  while  others 
are  due  to  the  fact  that  more  binder  is  allowable  in  the  mixture  when  using 
asphalt  rubber.  The  most  significant  of  the  asphalt  rubber  advantages  are 
discussed  in  the  following  paragr^hs. 

Undoubtedly,  the  most  important  benefit  of  a  properly  functioning 
open-graded  asphalt  concrete  surfacing  relates  to  enhanc^  vdiicle/passenger 
safety.  When  substituting  an  open-graded  surfacing  for  a  typical  dense-graded 
asphalt  concrete  surfacing,  safety  is  improved  by  reducing  water  spray  from 
passing  traffic,  thus  improving  visibility,  and  reducing  hydroplaning  by 
preventing  accumulation  of  surface  water.  Dry  weather  skid  resistance  is  also 
improved  by  the  roughened  surface  texture  of  the  open-graded  asphalt 
concrete  surfacing. 

Open-graded  asphalt  pavements  have  a  tendency  towards  premature  failures 
due  to  the  lack  of  fine  aggregates  in  the  mixture  and  the  intentionally  designed 
high  void  contents.  The  use  of  asphalt  rubber  binders  in  open-graded 
mixtures  can  solve  many  of  the  durability  problems  associated  with 
unmodified  open-graded  asphalt  concrete.  The  use  of  asphalt  rubber  permits 
higher  binder  contents,  thus  thicker  binder  films  (due  to  the  high  viscosity  of 
the  asphalt  rubber)  wifoout  excessive  drain-off.  The  increased  binder  film 
helps  to  increase  foe  mixture’s  high-temperature  stability,  reduce  reflective 
cracking,  and  resist  stripping  in  the  presence  of  water.  The  antioxidant 
materials  found  in  foe  tire  rubber  teamed  with  foe  thicker  binder  films  also 
helps  to  reduce  foe  negative  effects  of  oxidation  or  "age  hardening”^  A 
possible  site  specific  benefit  of  using  asphalt  rubber  in  open-graded  pavement 
surfacings  is  foat  foe  asphalt  rubber  mixtures  can  be  placed  in  colder  than 
normal  ambient  temperature  conditions  due  to  foe  allowable  higher  mix 
temperatures. 

The  benefits  provided  by  a  stone  mastic  asphalt  (SMA)  pavement  when 
compared  to  a  typical  dense-graded  asphalt  pavement  lie  in  foe  designed 
stone-to-stone  contacts  or  "aggregate  interlock"  and  foe  higher  allowable 
binder  contents.  This  unique  combination  helps  to  provide  a  more  durable 
and  flexible  asphalt  concrete  pavement  with  increased  resistance  to  reflective 
cracking,  rutting  and  oxidation.  The  advantage  of  using  an  asphalt  rubber 
binder  in  a  SMA  mixture  is  simply  tied  to  foe  increased  binder  viscosity 
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during  mixing,  placing,  nd  under  traffic  at  high  aarvice  tempafantrm.  With 
uiuta  dified  asfdialt  cements,  a  certain  aasoum  of  mineral  flilar  is  usually 
requited  to  stiffen  the  binder  and  to  prevent  bleeding  fnm  higher  than  numal 
binder  contents.  This  mineral  filler  nsay  not  be  required  in  asphalt  rubber 
SMA  mixtures  to  obtain  equal  or  superior  performance.  SMA  mixtures  by 
nature  requite  a  more  viscous  binder,  eMiar  mechanically  or  dNmicaliy 
induced,  and  asphalt  rubber  binders  are  weli-tttited  for  foese  types  of  asphalt 
concrete  mixtures. 
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Potential  Funding  Sources 

Typically,  inatallatioiis  fund  die  inqilemematioii  of  pavements  and  railroads 
technologies  from  tfielr  annual  budgets.  However,  the  installation’s  annual 
budget  is  usually  underfunded  and  the  pavements  and  railroads  projects  do  not 
conqiete  wdil  widi  other  high  visibility  or  hi^  interest  type  projects.  As  a 
result,  it  is  prudent  to  seek  out  additional  fiinding  sources  when  the  project 
merits  die  action.  Listed  below  are  some  sources  commonly  pursued  to  fund 
projects. 

a.  ProductMty  program.  See  AR  5-4,  D^artment  of  the  Army 
Productivity  Improvement  Program  for  guidance  to  determine  if  the 
project  qualifies  for  this  type  of  ftinding. 

b.  Facilities  Engineering  Applications  Program  (FEAP).  In  the  past,  a 
number  of  pavement  and  railroad  maintenance  projects  located  at 
various  installations  were  funded  widi  FEAP  demonstration  funds.  At 
that  time,  emphasis  was  placed  on  demonstrating  new  technologies  to 
the  Directorate  of  Engineering  and  Housing  (DEH)  community.  Now 
that  these  technologies  have  been  demonstrated,  die  installations  will  be 
responsible  for  funding  their  projects  through  other  sources.  However, 
emphasis  concerning  the  direction  of  FEAP  may  change  in  the  future; 
therefore,  one  should  not  rule  out  FEAP  as  a  source  of  funding. 

c.  Special  programs.  Examples  of  these  are  as  follows: 

(1)  FORSCOM  mobilization  plan  which  may  include  rehabilitation  or 
enlargement  of  parking  areas  and  the  reinforcement  of  bridges. 

(2)  Safety  program  which  may  include  the  rqiair  of 
unsafe/deteriorated  railroads  at  crossings  and  in  ammunition 
storage  areas. 

(3)  Security  upgrade  which  may  include  the  repair  or  enlargement  of 
fencing. 
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4.  Hitmlmnabk  autamtr.  Ewunplw  of  this  tourco  an  roads  to  special 
dsaction  anas  siidi  as  tasUy  kooaiii  or  schools  and  airfield  pavements 
legnind  so  anppoit  logistical  operatloas. 

r  Special  nqmm from  MACOMS. 

f.  Ytaraidfimdt.  This  type  of  ftmdlng  should  be  coordinated  with  die 
MACOMs  to  ensun  that  the  ftmds  will  not  be  lost  after  a  contract  is 
advertised. 

f .  OperaUms  and  hiai/uenance  Amy.  These  are  the  normal  funds  used 
for  fiinding  pavement  and  railroad  projects. 

Technology  Components  and  Sources 

Components  of  the  technology  which  must  be  procured  for  the  use  of 
asphalt  rubber  concrete  pavement  are:  section  design  (may  be  in^ouse  or 
contracted  out)  and  a  construction  contract  for  the  asphalt  rubber  concrete 
pavement.  Additional  requirements  of  an  asphalt  rubber  concrete  mixture 
plant  udien  compared  to  traditional  asphalt  concrete  plants  include  the 
following:  a  sq)arate  binder  storage  tank  with  agitation  capabilities 
(mechanical  stirring  or  pumped  circulation)  to  keep  the  asphalt  cement  and 
rubber  particles  from  8q>arating;  an  evenly  distributed  heating  source  for  the 
asphalt  rubber  storage  t^;  and  a  8q)arate  binder  supply  system  equipped 
with  a  pump  and  metering  device  capable  of  combining  the  viscous  asphalt 
rubber  binder  with  the  heated  aggregates  at  the  correct  percentage. 

Asphalt  rubber  suppliers  and  paving  contractors  experienced  with  asphalt 
rubber  concrete  pavements  are  available  in  virtually  all  areas  of  the  United 
States.  The  most  current  design  and  construction  guidance  should  be  sought 
out  and  used  on  every  asphalt  rubber  concrete  pavement  project.  These  types 
of  guidance  documents  are  cunently  being  produced  by  a  number  of  agencies, 
including  the  Federal  Highway  Administration  (FHWA),  most  sute 
Dq)artments  of  Transportation  (DOT),  and  numerous  indq|>endent  asphalt 
rubber  suppliers,  contractors,  and  engineering  consultants.  Technical  guidance 
and  fiirfoer  information  on  asphalt  rubber  concrete  pavement  market  in  the 
United  States  may  be  obtained  by  contacting: 

Rubber  Pavements  Association 

312  Massachusetts  Avenue,  NE 

Washington,  DC  20002 

Telephone:  202-S44-7111 

Facsimile:  202-544-7146 
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Procurement  Documents 


Tachnical  raports 

The  Coips  of  Engineefs  has  published  two  technical  rq;)otts  on  research 
atndies  ot  asphalt  rubber  concrete  pavements: 

*Evaluation  of  Asphalt  Rubber  Binders  in  Porous  Friction  Course/ 
Technical  Rq>oi:  CPAR-GL-92‘1,  USAE  Waterways  Experiment  Station, 
1992. 

"Summary  of  Research  on  Asphalt  Rubber  Binders  and  Mixes,”  Technical 
Report  CPAR-GL-92-2,  USAE  Waterways  Experiment  Station,  1992. 

Applieable  apacHicatiofw 

No  current  Corps  of  Engineen  Guide  Specification  exist  on  asphalt  rubber 
concrete  pavements.  There  are,  however,  guide  specifications  used  within  the 
construction  industry,  including  the  one  fiMnd  in  Appendix  B  of  diis  rqwrt. 

QSAKatinB 

None 

VwKlors  l«t  and  raeant  prieaa 

Any  local  contractor  wUi  experience  in  asphalt  paving  should  be  able  to 
successftilly  construct  an  aqihalt  rubber  concrete  pavement.  As  diis  is  a 
relatively  new  paving  tecfancdogy  with  mostly  test  sectkms  and  pilot  projects 
constructed,  recent  prices  are  highly  variri>le  and  would  not  reflect  a  current 
pricing  standard. 

Procurement  Scheduling 

Normal  construction  contract  schedules  should  be  established  diat  allow 
adequate  design  and  plan  preparation  time,  design  and  review  approval, 
contract  preparation,  advertising  and  award,  and  construction  time.  A  typical 
pavement  project  is  designed  1-2  years  before  it  is  constructed;  however, 
relatively  small  projects  that  require  limited  plans  and  specifications  can  be 
prqnred  and  re^y  to  go  within  a  few  months. 
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4  Post  Acquisition 


Initial  Implementation 

Equipmsm 

Owventioiul  as|dialt  concrete  mixing  ind  aqdialt  concrete  piving 
equipment  can  be  used  to  produce,  place,  and  conqmct  as|dMdt  rubber  concrete 
pavements.  However,  early  test  se^ns  and  pilot  projects  have  indicated 
some  sli^t  dianges  to  nor^  procedures  required  by  anthalt  rubber  concrete 
mixtures.  A  sepsrate  aqdialt  rubber  storage  tank  with  sufficient  agitation 
c^Mbilities  is  required  to  keep  die  asphalt  cement  and  rubber  particles 
separating  during  sitnage.  This  storage  vessd  must  be  equipped  to 
evenly  hett  die  aqphalt  rubber  binder  to  mix  tanperatures  rang^  ftom 
15&-190  dag  C.  The  asphalt  rubber  cement  itself  will  require  larger  than 
normal  pumps  and  pump  lines  at  the  asphalt  plant  to  handle  die  increased 
viscosity  of  die  binder.  Mixing,  lay  down,  and  connpaction  tenq>erstures  are 
also  usually  higher  than  normal  to  account  for  die  increased  stiffness  of  the 
hot  asphalt  rubber  mixture.  Rubber  tire  rollers  are  not  suitable  for  asphalt 
rubber  mixtures  as  the  increased  adhesion  of  the  binder  may  cause  the  mix  to 
adhere  to  die  rubber  tires  during  compaction. 

Mntnrinia 

The  materials  used  to  produce  asfdialt  rubber  concrete  mixtures  are 
basically  the  same  as  those  used  to  produce  unmodified  asphalt  concrete 
mixtures  except  for  die  binder.  The  aggregate  gradations  and  physical 
requirements,  as  detailed  in  Appendix  B  of  this  report,  are  particularly 
inqiortant  for  (q[>en-graded  and  stone  mastic  pavement  mixtures  to  ensure 
strength  and  stifoility  from  the  designed  stone  to  stone  contacts.  An  additional 
aggregate  material  required  only  for  asphalt  rubber  concrete  pavements  in 
some  circumstances  is  called  a  "blotter  material."  Blotter  material  may  be  a 
fine  aggr^ate  or  sand  (meeting  the  gradation  requirements  detailed  in  the 
attached  specification),  and  is  used  to  prevent  the  freshly  placed  mix  from 
picking  up  during  construction  or  from  early  trafficking. 

The  asphalt  rubber  binder  is  a  combination  of  two  materials,  traditional 
asphalt  cement  and  reclaimed  crumb  rubber,  with  the  possibility  of  an 
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•xunder  oU  added  naadad  to  raduca  viscosity.  All  diraa  of  Aasa 
ara  datallad  in  tha  attachad  spacification.  As  die  asphalt  rubber 
tadmology  oontinuas  to  davd(^,  slight  modifications  to  diase  spacification 
requirements  may  be  required. 


The  personnel  normally  required  at  an  asphalt  mixture  production  plant  and 
diose  required  for  asphalt  concrete  construction  are  the  same  as  those  needed 
for  die  production  and  construction  of  an  asphalt  rubber  concrete  pavement. 
Ibe  same  similarities  exist  when  conqiaring  the  required  quality  control 
personnel  of  bodi  types  of  pavement  construction.  Tbe  only  possible 
exception  may  be  sdien  a  i^que  asphalt  rubber  mixing  and  storage  tank  is 
mobilixed  at  die  production  plant.  In  this  case,  die  asphalt  rubber  binder 
siqiplier  may  require  one  or  two  trained  personnel  to  operate  or  supervise  the 
operation  of  die  binder  vessel  and  punqiing  system. 

Procndura 

Hie  general  procedures  used  to  construct  an  arphalt  rubber  concrete 
pavement  are  bmically  die  same  as  those  used  to  construct  an  unmodified 
aqthalt  concrete  pavement.  As  previously  discussed,  only  slight  modifications 
at  the  a^ihalt  mix  plant  and  during  placement  are  required  when  using  asphalt 
rubber  binders,  laical  construction  procedures  are  also  presented  in  the 
attached  guide  qiecification. 

Operation  and  Maintananca 

Operation  and  maintenance  of  asphalt  rubber  concrete  pavements  are  no 
diffe^  than  with  unmodified  aqihalt  concrete  pavements.  The  stone  mastic 
a^ihalt  pavement  surfocing  generally  performs  in  die  same  manner  as  a 
traditional  dense-graded  aqihalt  concrjte  surfacing.  An  t^ien-graded  surfacing 
may  require  special  raaintaumce  considerations,  however.  Open-graded 
surfscbigs  require  a  sound  foundation  and  a  good  quality  intermediate  course 
of  a^ihaU  concrete  (free  of  cracks)  since  the  t^ien-graded  material  will  not 
resist  reflective  craddng.  If  some  minor  reflective  cracking  occurs  in  die 
open-graded  surfhcing,  the  cracks  must  be  pn^ierly  sealed  as  soon  as  possible 
to  prevent  edge  ravdi^  along  die  crack  facing.  Crack  sealing  will  usually 
interrupt  water  drainage  flow  in  the  crack  area,  but  must  be  done  to  prevent 
further  deterioration  of  die  <^>en-graded  surfKing.  Open-graded  surfings 
also  require  rubber  tidied  blades  on  any  snow  remov^  equipment  to  prevent 
possible  surface  raveli^  from  scnqiing  plow  blades. 

Service  end  Support  Requirements 


No  special  services  or  support  are  required  to  implement  or  maintain  this 
technology. 


14 


Chapter  4  Peat  Aoqutaitien 


performance  MonitorinQ 


Installation  personnel  can  monitor  and  measure  die  perfbrmance  of  an 
a^)llalt  rubber  concrete  pavement  by  malting  periodic  inspections  of  die 
paveoMot  for  signs  of  distreu  (cra^ng,  nittii^,  flushing,  etc.).  This 
monitoring  of  p^rmanee  would  be  no  more  than  that  required  for  any 
aqihait  concrete  pavenmt.  The  performance  monitoring  can  be  adjusted  to  fit 
into  existing  pavement  management  systems. 
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MATERIAL:  Asphalt  Rubber 
DESCRIPTION: 


Asidialt  rubber  is  a  modified  bituminous  matorial  made  by  reacting  15*30 
percent  reclaimed  rubber  widt  asphalt  cement  at  elevated  mixing  tenq>eratures 
(175*20S*C).  The  rubber  may  be  reclaimed  from  buffings  wasted  during  the 
tire  manufiicturing  process  or  from  ground  up  whole  waste  tires.  Asphalt 
rubber  technologies  are  marktted  by  the  Rubber  Pavements  Association  in 
Washington,  DC. 

AREAS  OF  APPUCAHON  fAS  RECOMMENDED  BY  PRODUCERS): 

1.  High  viscosity  binder  in  open-graded  or  gap-graded  hot  mix  asphalt. 

2.  Binder  materials  in  pavement  stress-absorbing  membranes  (SAM)  or 
stress-absorbing  membrane  interlayers  (SAMI). 

3.  Pavement  spray  applications  and  surface  treatments. 

4.  Pavement  joint  and  crack  sealer  material. 

5.  Waterproofing  liners  on  expansive  soils,  man-made  ponds,  mining 
leaching  pads,  bridge  deck  membranes,  and  land  fills. 

PHYSIOGRAPHIC  FACTORS: 

Asphalt  rubber  binder  materials  are  generally  delivered  to  tihe  job  site 
pre-blended.  Heating  tempwatures  before  application  are  somewhat  higher 
dtan  for  unmodified  as{dialt  conents  because  of  die  asphalt  rubber  binder's 
increased  viscosity.  The  higher  viscosity  at  ^iplication  temperatures  may  also 
require  separate  storage  vessels,  larger  c^iacity  punqis,  and  larger  feed  lines. 

DISCUSSION  AND  RECOMMEND ATfONS: 

Developed  in  die  late  1960’s,  asidialt  rubber  binders  have  been  used 
dirou^out  die  United  States  and  other  countries  to  improve  die  performance 
of  aqidialt  concrtte  pavemmts.  Recent  advances  in  asfdialt  nibbw  technology 
coupled  with  the  growing  environmental  concerns  of  waste  tire  stockpiles  have 
pronqited  many  state  and  federal  agencies  to  fiiliy  inqilement  asphalt  rubber 
tedinology  in  dieir  pavement  systems.  Full-scale  trials  on  city  streets, 
highways,  and  airport  pavements  have  been  documented  all  over  the  United 
States.  These  fidd  applications,  along  with  numerous  recent  research  studies, 
indicate  that  asphalt  rubber  binders  can  provide  the  following  benefits: 
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*  reduced  temperature  tu«cq)tlbUity 

*  reduced  low’ten^>e^ature  cracking 

*  reduced  hlgh-tenq[>erature  defomution  distresses 

*  reduced  age  hardening 

*  reduced  binder-aggregate  stripping 

*  more  durable,  longer  lasting  friction  courses 

Asphalt  rubber  binders  have  a  well-established  history  in  spray 
applications,  surfree  treatments,  SAM's  and  SAMI's,  joint  and  crack  sealants, 
and  as  a  waterproofing  liner,  'The  technologies  sutrot^ing  this  binder's  use 
in  hot  mix  asphalt  applications  continues  U)  be  developed.  Asphalt  rubber 
should  be  considered  as  a  binder  in  hot  mix  asphalt  applications  whenever  any 
of  the  potential  benefits  listed  above  are  desired.  The  pavement  designer  will 
have  to  consider  an  applicable  reduced  pavement  thickness  due  to  increased 
strength  properties,  which  should  counteract  die  increased  cost  (S0-1S0%)  to 
produced  an  asphalt  rubber  concrete  mixture. 

SUMMABl: 

Based  on  Add  trials  in  die  last  20  years  and  recent  research  studies,  asphalt 
rubber  binders  are  considered  to  be  a  viable  binder  alternative  when  increased 
pavement  performance  is  desired.  Asphalt  rubber  binders  should  be 
considered  as  die  (^timum  binder  material  in  certain  applications  of  SAM's, 
SAMI’S,  surfoce  treatments,  joint  and  crack  sealants,  and  waterproofing 
liners.  The  increased  viscosity  and  higher  cost  of  asphalt  rubber  binders  must 
be  considered  during  design  a^  construction. 
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GUIDE  SPECIFICATION 

FOR 


OPEN  AND  GAP-GRADED 
ASPHALT-RUBBER  CONCRETE  PAVEMENTS 


1.  SCOPE 

This  spcciTication  covers  meterial,  equipment,  and  oonsiructicn  procedures  lor _ *  asphalt-rubber  concrete 

pavement  using  a  reacted  asphalt-rubber  binder. 

2.  PREQUAUFICATION  OF  A  NEW  ASPHALT-RUBBER  MATERIAL 

Prequalification  of  a  new  asphaK-rubber  material  or  applicator/supplier  may  be  requested  at  any  lime. 
Prequalification  will  be  based  on  three  oontrolled  field  applications  evaluated  alter  three  years'  performance  under  traffic. 
The  controlled  field  appllcalions  may  be  of  other  oonstiucllon  related  uses  ulizing  asphalt-nibber  matertals.  New 
aspiialt-rubbar  material  that  has  been  evalualed  and  prequalMad  by  an  agency  recognlzad  nationally  may  be  prequalified 
by  that  ageiKy  upon  disclosure  of  suitable  evidence  of  successful  performance.  Notwithstanding  other  agency 
prequalificalion.  this  agertcy  leserves  the  right  to  withhold  prequalification  pending  the  performance  evaluation  of  local 
controtled  field  appiicaiijns. 

3.  ASPHALT-RUBBER  BINDER 

3.1  GENERAL:  The  asphaK-rubber  binder  shall  be  a  uniform  reacted  blend  of  compatible  paving  grade  asphalt 

cement,  crumb  rubber  modifier  (CRM),  and  other  addKives,  If  required.  The  asphaK-rubber  binder  shall  be _ * 

climate  type  binder  and  shall  rrwet  the  physical  parameters  listed  in  Table  1  for  the  type  of  binder  specified 


Natt:  AUaehedan’NottstoEn^neti'wtiicharenfarmKedbyaiupmatpl  leflerfl.e. H  Is  important  to 
rntar  to  Ifiazo  nofas  wfien  Oavakiplng  a  spadtieauon  from  Otis  giutda  for  highway.  roaO,  straei,  and  airport 
aspnat-nOhar  paving  prpfaets. 

Plaasa  ba  advisad  that  lhasa  ara  oniygenaral  raeommandatlons,  not  rigid  spaeneatioos.  For  additional 
Mormallon  oontact: 


Intamational  Surfacing  Inc. 

STS1  W.  Galvaalon 
Chandiar.AZ  85226 

Attn:  Mr.  Joe  Cano,  P£„  Tachnieal  Dirador 
(S02)2e$^/4 
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TABLE  1:  SPECIFICATIONS  FOR  ASPHALT-RUBBER  BINDER 


CLIMATE  TYPE 

Hot 

Moderate 

Cold 

(a) 

(b) 

(c) 

Apparent  ViscosRy,  3S0°F 

Min 

1.500 

1.500 

1.500 

Spindle  3,  20  RPM,  cP,  (ASTM  0  2196)' 

Max 

5.000 

5,000 

5.000 

Penetration,  77®F,  lOOg,  5  lac.: 

Min 

25 

25 

50 

1/10  mm.  (ASTM  0  8) 

Max 

75 

76 

100 

Penetration,  3S.2°F,  200g,  60  sec.; 

1/10  mm.  (ASTM  OS) 

Min 

10 

15 

25 

softening  Point:  *F:  (ASTM  0  36) 

Min 

135 

130 

125 

Resilience.  77°F:«:  (ASTM  0  3407) 

Min 

25 

20 

15 

TFOT  Residue.  (ASTM  0  17S4) 

Penetration  Retention,  39.2°F:  % 

Min 

75 

75 

75 

a.  Hot  Climate  -  Average  monthly  maximum  110FF  or  greater 

Average  monthly  minimum  30°F  or  greater 


b.  Moderate  Clmate  •  Average  monthly  maximum  IIO^F  or  towrer 

Average  montNy  minimum  IS’^F  or  greater 

c.  Cold  Climate  Average  monthly  maximum  BO^F  or  lower 

Average  montNy  cNnimum  t5°F  or  lower 

’  Either  digital  or  dial  reading  viscometers  may  be  used  -  record  peak  measurement. 

For  LV  series  models,  use  spindle  3  at  12  rpm 
For  RV  and  HA  series  models,  use  spindle  3  at  20  ipm. 

Haake-type  viscometers  may  be  substituted,  particularly  (or  field  control. 

3.2  MATERIALS 

.1  Asphalt  Cement:  The  asphalt  cement  (or  the  asphalt-rubber  binder  shall  comply  wMh  requirements  oi 
ASTM  0  3381  and  AASHTO  M  226.  The  grade  selected  shall  be  determined  by  laboratory  testing  pertonmed 
by  the  asphalt-mboar  suppliar  to  ensure  appropriate  compatibility  and  reacting  characteristics 

.2  AsptiaR  Extender  Oil:  An  asphalt  extender  oil  may  be  added.  K  necessary,  to  meet  the  requirements  of 
Table  1.  Exterrder  oil  shall  be  a  resinous,  high  flash  point,  aromatic  hydrocarbon  meeting  the  (ollowing  test 
requirements: 

Vboosity,  SUS,  et  I00”F  (ASTM  O  88) 

Flash  PoinL  COC,  *F  (ASTM  0  92) 

Molacular  Analysis  (ASTM  0  2007): 

AsphaRanes,  Wt.  % 

Aromatics,  WL« 

.3  Crumb  Rubber  ModHIer  (CRM) 

.1  Genaral:  Tha  crumb  robber  madWer  (CRM)  shall  ba  produced  primarily  (com  processing  automobile 
andfor  truck  liras  by  ambient  grinding  methods.  The  CRM  thal  be  substanliaRy  free  from  contaminants 
inciuding  fabric,  matal,  minaraL  and  ethar  non-robbtr  aubatancaa.  Tha  CRM  ahafl  be  auffldently  dry  lo 
be  free  (lowing  and  not  produce  a  foaming  ptoblam  when  addtd  to  hot  atphaH  cement.  Up  to  4%  by 
waigM  of  talc  or  otltar  appropriate  biocUng  agent  can  ba  added  to  raduce  agglofTiaration  of  tha  rubber 
particles. 
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.2  Phyaicat  Requiraniantt 

.1  Gradation  and  Particle  Length;  When  tested  in  accordance  with  ASTM  C  1 36  using  a  minimum  £i 
gnm  sample,  the  laaulting  CRM  gradation  shall  meet  the  following  gradation  limits  for  the  CRN 
specified.  CRM  from  more  than  one  source  may  tie  used  provided  the  combined  rubber  gradalior 
meets  the  spedfled  limits. 


TABLE  2;  CRUMB  RUBBER  MODIFIER  (CRM)  GRADATION  LIMITS 


Percent  Passing 

Sieve  Size 

Type  1 

Type  II 

No.  8 

100 

— 

No.  10 

95-100 

100 

No.  16 

40-60 

70-100 

No.  30 

0-20 

25-60 

No.  SO 

0-10 

0-20 

hbhhbhhh 

0-5 

^ax.  Paitide  Length 

3/16- 

OflS" 

.2  Fiber  Content:  The  CRM  shall  be  designated  Grade  A  or  Grade  B.  For  Grade  A  CRM,  the  fibe; 
content  shall  be  less  than  0.1  *A  by  weight.  For  Grade  B  CRM,  the  Kber  content  shall  be  less  thar 
0.5%  by  weight.  Fiber  content  shall  be  deteimined  by  weighing  fiber  agglomeratiofis  which  arc 
formed  during  the  gradation  test  procedure.  Rubber  particles  shall  be  removed  from  the  fiber 
agglomerations  before  weighing  ° 

.3  Moisture  Content:  For  each  CRM  type  and  grade,  the  moisture  content  shall  be  less  than  0.75%  b) 
weight. 

.4  Mineral  Contaminants:  For  each  CRM  type  and  grade,  the  mineral  contaminant  amount  shall  noi 
be  greater  than  0.25%  by  weight  as  determined  after  water  separating  a  50  gram  (minimum)  rubber 
sample  in  a  1  Wer  glass  beaker  filled  with  vrater. 

.5  Metal  Contamlnanta:  The  CRM  shall  contain  no  visible  metal  partidles  as  indicated  by  thorougf 
stirring  of  a  SO  gram  (minimum)  sample  with  a  magnet. 

.3  Packaging;  The  CRM  shall  be  supplied  in  either,  reusable  bulk  oontaineis  holding  a  minimum  ol  SOC 
pounds  of  CRM;  or  kt  moisture  resistant  disposable  bags  with  either  50 1 2  pounds  or  60  2  2  pounds  o 
CRM. 

The  weight  of  the  CRM  In  the  bulk  oontaineis  shall  be  within  1.0  percent  of  the  certHiad  weight.  Th« 
contalnars  ahal  not  be  slacked  on  top  of  eech  other  during  storage  or  shIpmenL 

The  smeN  bags  (50  to  60  tot.)  shall  be  palletized  into  units,  each  containing  60  bags,  to  provide  net  palle; 
weights  of  either  2,500  *  no  lbs.  or  3,000 1  100  lbs.  Glue  shad  ba  placed  between  layers  of  bags  tc 
Incraasa  the  unit  stability  during  shipment.  Palletized  units  shaS  be  double  wrapped  with  U.  V.  resistan- 
stratehwrip. 


.4  Labaling:  Each  contsirwr  of  CRM  shad  be  labeled  with  the  manufacturer's  dasignation  for  the  CRM,  the 
spedfle  type  and  grade  of  CRM  In  aooordanee  with  this  spacdicalion  (example  •  Type  I,  Grade  A),  the 
nominal  CRM  swight  and  manufacturer  tot  iiumbar  deiignatlon.  PadaMzad  unita  shad  contain  a  labe 
which  irkdcatat  the  maradacturar  dasignation,  CRM  typa  and  grads.  natpedatwalghL  and  production  Iq; 
number.  The  bulk  eonlainert  (500*  lbs.)  shad  have  the  cartHled  weight  of  CRM  dearly  marked  on  a- 
least  one  side. 
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.5  Certification:  The  manufacturer  shall  ship  along  with  the  CRU,  certificates  of  compliance  which  certify 

that  each  production  lot  number  or  shipment  complies  with  all  requirements  ol  this  specification. 

3.3  ASPHALT-RUBBER  BINDER  DESIGN:  The  binder  design  shall  be  performed  by  the  asphalt-nibber  supplier. 

The  proportion  of  CRM  shall  be  between  IS  and  23  percent  by  total  weight  of  the  asphalt-rubber  binder  mixture. 

The  aspnaR-rubber  supplier  shall  supply  to  the  Engineer  for  approval  a  binder  formulation  at  least  10  days  before 

pavement  construction  is  scheduled  to  begin.  The  binder  formulation  shall  consist  of  ihe  following  information: 

Asphalt  Cement 

Source  and  Grade  of  AsphaR  Cement 

Source  and  Grade  of  Additives  Used 

Percentage  of  Asphafi  Cement  and  AddRives  by  Total  Weight  of  the  Asphalt-Rubber  Binder 

Cnimb  Rubber  ModiTier  (CRM) 

Source  and  Grade  of  CRM 

Percentage  of  CRM  by  Total  Weight  rd  the  Asphalt-Rubber  Binder 
If  CRM  from  more  ffian  one  source  fs  iMUized,  Ihe  above  informalion  will  be  required  for  each  CRM  used. 

Specific  Gravity  of  Aspali-Rubber  binder  at  60  "F. 

Physical  properties  of  the  blend  in  act»rdance  wfth  T able  i . 

3.4  ASPHALT-RUBBER  MIXING  AND  PRODUCTION  EQUIPMENT:  All  equipment  used  in  production  end 

proportioning  of  (he  asphaR-rubber  binder  shall  be  described  as  follows: 

.1  Asphalt  Heating  Tank:  An  asphatt  heating  tank  with  a  hot  oil  heat  transfer  system  or  retort  heating  system 
rapable  of  heating  asphaR  cement  to  the  necessary  temperature  for  blending  wHh  the  CRM.  This  unR  shall 
be  capable  of  heating  a  minimum  of  2,500  gallons  of  asphaR  cement. 

.2  Blender:  The  asphaR-rubber  mechanical  Uettder  shall  have  a  Ivwi  stage  continuous  mixing  process  capable 
of  producing  a  homogeneous  mixture  of  asphaR  cement  and  CRM,  at  (he  mix  design  specified  ratios,  as 
determined  by  the  Engineer.  This  unR  shafl  be  equipped  wRh  a  CRM  feed  system  capable  ol  supplying  the 
asphaR  cement  feed  system,  as  not  to  interrupt  the  continuHy  of  the  blending  process.  The  maximum 
capacRy  of  the  primary  blending  vessel  shat  be  SOO  gallons.  Both  the  primary  and  secondary  blenders  shall 
be  equipped  with  an  agRsikm  device  oriented  hortzontaRy  In  tte  blending  vessel.  The  blending  untt  shaR  be 
capable  of  (u«y  blending  the  individual  CRM  particles  wtth  ttie  asphaR  cement.  A  separate  asphaR  cement 
feed  pump  and  finished  product  pump  are  requRed.  This  unR  shafi  have  both  an  asphaR  cement  totalizing 
meter  in  gallons  and  a  rate  meter  in  gallons  per  minute. 

.3  StoragefReactlon  Tank:  An  asphaR-rubber  storage/reaction  tank  aquippeo  wRh  a  heating  system  to 
maMain  a  temperature  of  300^1=  to  37S^  for  raaaing,  pumping  and  adr^  the  binder  to  the  aggregate. 
The  atoragefieaetlon  tank  ahal  be  separate  from  the  piimaiy  and  secondary  blender  of  the  blending  unR. 
The  maximum  capacity  of  the  storagefieaclion  tank  shall  be  B.OOO  gallons.  This  unH  shaU  have  an  Meriwl 
mixing  unR  capable  of  mainiainiig  a  uniform  mixture  of  asphaR  wment  and  CRM.  The  Internal  mbdng 
device  shaR  be  oriented  horizonfsHy  bi  the  tank. 

.4  Supply  System;  An  asphaR-(ubl>er  supply  system  equipped  wRh  a  pump  and  a  direct  interlock  metering 
rfevice  capeble  of  adding  the  blnaer  by  volume  to  the  aggregate  at  Ihe  percentage  required  by  the  Job-mix 
formula. 

-S  Temperature  Gauge:  An  armored  thermometer  of  adequate  range  In  temperature  reading  shaU  be  fixed  in 
the  asphaR-fubber  feed  line  at  a  suRable  location  neer  the  mixing  unR. 


Ftbniaiy  17, 1994 


Appendix  B  Guide  Speoifkiation 


.  fiuUe  Spadfletllon  tor  OpM  and  Gap-Gratf«d 

Aa'phall-RufabarConerale  Pavamante  Paoa! 

3.5  ASPHALT-RUBBER  MIXING  AND  REACTION  PROCEDURE 

.1  Aap^alt  Cament  Tampaiatura;  Tha  lamparatura  of  tha  aaphalt  eemant  shall  be  between  37S°F  and  ASCPf 
at  the  addition  of  the  CRM. 

.2  Blending  and  Raacling;  The  asphalt  and  CRM  shall  be  oomblnad  and  mixed  together  in  a  blender  unit, 
pumped  Into  the  agitated  storage/reaetion  tank,  and  then  reacted  (or  minimum  of  30  minutes  liom  the  time 
all  Ihe  CRM  is  added  to  the  asphalt  cement.  The  quantity  of  CRM  added  shall  be  determined  by  weight  for 
each  batch.  Temperature  of  the  asphalt-rubber  mixture  shall  be  maintained  at  i>ot  less  than  32S°F  during 
Ihe  reaction  period.  The  asphalt-rubber  may  be  allowed  to  cool  to  between  300°F  and  SSO^F  after  it  has 
reacted  for  ths  specified  period. 

.3  Transfer:  After  the  material  has  reacted  for  at  least  30  minutes,  the  asphalt-rubber  shall  be  metered  Into  Ihe 
iTsxing  chamber  of  Ihe  asphalt  ooncreta  production  plant  at  the  percentage  required  by  the  Job-mix  formula. 

.4  Delays;  When  a  delay  occurs  in  binder  use  after  Ms  fuM  reaction,  the  asphalt-rubber  shall  be  allowed  to 
cool.  The  asphalt-rubber  shall  be  reheated  slowly  Just  prior  to  use  to  a  temperature  between  300°F  artd 
375°F,  and  shall  also  be  thoroughly  mixed  before  pumping  arid  metarmg  inlo  tha  hot  plant  for  combination 
with  the  aggregate.  The  visooslty  of  the  asphaM-rubber  ahall  be  cheeked  by  the  asphalt-nibber  supplier,  if 
the  viscosity  is  out  of  the  range  apadfied  in  Table  1  of  this  specification,  the  asphaN-iubber  Wend  shall  be 
adjusted  by  the  addition  of  asphalt  cement  and/or  CRM  as  raquired  to  provida  the  appropriate  viscosMy. 


4.  ASPHALT-RUBBER  CONCRETE 
4.1  MINERAL  AGGREGATE 

.1  General:  The  aggi  agate  (or  the  asphalt-rubber  concrete  mixture  shall  be  composed  of  hard  durable 
particles  of  crushed  stone,  crushed  gravel,  crushed  slag,  or  expanded  day  lightweight  aggregate.  The 
aggregate  shall  be  free  from  day  balls  or  lumps,  organic  or  decomposed  materials,  soft  partides.  adhered 
dust  and  deleterious  coalings.  Natural  sand  or  manufactured  sand  may  be  used  as  the  fine  aggregate 
portion.  Mineral  filler,  M  used,  ahall  meet  the  requirements  of  ASTM  D  242  or  /UtSHTO  M  17. 

.2  Physical  Requirements' 

.1  Gradation:  The  gradation  of  the  aggregate  shall  meet  the  following  MmRs  when  tested  In  accordance 
with  ASTM  C  l36orAASHTO  T 11  and  T27. 


Sieve  Size 

Percent  Passing  ' 

1" 

3/4- 

1/r 

zier 

#4 

«8 

#30 

D200 

,2  Fractured  Faces;  The  aggregate  retained  on  the  No.  8  screen  shall  consist  of  at  least _ partides 

which  have  at  least  one  fractured  or  crushed  (uoe. 
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.3  Abrasion  Lost:  The  aggregate  shaS  have  an  abrasion  loss  which  does  not  exceed — ^ _ '  when  tested 

at  100  revolutions  rtor  exceed _ '  when  tested  at  500  revolutions  In  accordance  with  ASTM  C  131 

orAASHTOT96. 

.4  Sand  Equivalent  Value:  The  sand  equivalent  value  of  the  aggregate  shall  be  a  minimum  o( _ * 

when  tested  In  accordance  with  ASTM  □  241S  or  AASHTO  T 176. 

4.2  ANTI-STRIPPING  AGENT:  If  required  by  the  Job-Mix  Formula  to  produce  appropriate  water  resistance, 
hydrated  lime.  Type  II  Portland  cement,  or  an  antt-stripping  agent  that  is  heat  stable  and  approved  (or  use  by  the 
specifying  agency  shall  be  inoorporatad  at  the  percentage  required  by  Ihe  Job  mix  formula. 

4.3  BLOTTER  REQUIREMENTS:  Blotter  material,  if  required,  shall  be  composed  of  Tine  aggregate  or  dry  washed 
sand  meeting  the  following  gradation  requirements  when  tested  In  accordance  with  ASTM  C 136  or 
AASHTO  Til  and  T  27. 


Sieve  Size 

Percent  Pessing 

31V 

100 

No.  4 

75-100 

NO.  16 

45-80 

No.  SO 

10-30 

No.  100 

0-10 

5.  JOB-MIX  FORMULA 

S.1  MIXTURE  DESIGN:  The  mixture  design  shall  be  performed  by  the _ and  shall  be  used  as  the  basis 

(or  determining  Ihe  job-mix  formula.  The  design  method  used  shall  be  In  accordance  with _ The 

mixture  design  shall  be  submitted  to  the  Engineer  at  least  K)  days  prior  to  oonstnjction.  Based  on  information 
contained  In  the  mixture  design,  the  Engineer  shall  approve  a  Jo^mix  formula  with  the  following  tolerances 
allowed  for  single  tests  on  aggregate  gradation  and  asphalt-mbber  bMer  content. 


JOB  MIX  TOLERANCE 


1  Sieve  Size 

Percent  Tolerance 

1  3/8’ and  larger 

*7 

1  No.  4.  No.  8.  No.  30 

sS 

1  No.  200 

±2 

1  AsonaR-Ruboer  Binder  Content 

t0.S 

The  mixture  riesign  shall  include  suflidant  test  results  and  documentation  to  assure  that  all  requirements  for  the 
aggregate  (Section  4)  and  the  asphalt-rubber  binder  (Section  3)  are  futfUled. 
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5.2  JOB'MIX  FORMULA;  TTie  mixture  design  shail  recommend  the  Job-mix  fonmuta  and  shall  list  the  foiio^vit 
information: 

1.  Aggregate 

-  source  and  identification  (for  each  matertal  used) 

•  gradation  (for  each  material  used) 

•  tHend  percentage 

-  mixture  gradation 

2.  Asphalt-Rubber  Binder 

-  source,  grade  artd  percent  of  asphalt  cement 

-  source,  grade  and  percent  of  CRM 

-  type,  source  artd  percent  of  addrtfve(s).  if  required 

3.  Anti-Strip  Agent 

-  Source  of  Anti-Strip 

-  Percentage  of  Anti-Strip 

By  Weight  of  the  Asphalt  Cement  for  liquid  arttistrip 
By  Waignt  of  Aggregate  (or  time  or  Portland  cement 

4.  Recommended  asphalt-rubber  binder  content  both  by  weight  of  total  mix  and  by  weight  ei  dr 
aggregate. 

5.  Recommended  mixture  production  temperature. 

6.  Recommended  lay  down  temperature. 

7.  Dartsity  guidelines. 


6.  CONSTRUCTION  EQUIPMENT 

6.1  ASPHALT-RUBBER/AGGREOATE  MIXING  EOJiRMENT:  The  addition  and  mixing  of  the  asphalt-rubber  wltt 
the  aggregate  shall  be  acoompusnad  with  one  of  the  rosowing  types  of  hot-mix  asphalt  plants. 

Batch  Mbdng  •  BtMch  mix  plani  consisting  of  coM  aggregate  storage  and  faed,  drier,  gradation  control  unit 
hot  aggragala  storage  Mns,  aggregate  wsigh-hopper,  and  a  twIn-shaR  pugmM  mixing  unit.  Also,  the  plan: 
may  be  equipped  with  hot-mix  surge  or  storage  bins  for  short-term  holding  ^  the  mixture  until  spreadinc 

Oriar-Onim  Mbdng  •  O.ter-dium  mix  plani  conitstlng  of  cold  aggregate  storage  and  feed,  aulomatic  weighing 
system,  iMer-dnim  mbter  and  hrt-mix  surge  er  storage  bbv  (or  short  term  holding  of  the  mbdure  unti: 
tprsadbig. 


The  esphaH-rubbei/eggregate  mixing  equipment  shal  be  capebfe  of  producing  a  paving  mbdure  meeting  all  ol 
the  laqubamams  contained  in  this  tpeclficetloa  Speclically  the  plani  shal  prmdda  proper  aggregate  gradation, 
asphaR-nibbar  binder  oonlenl  and  mbdng  temperatura. 

6,2  MIXTURE  SPREADING  EQUIPMENT;  Paving  sImI  be  acoompaahad  wRh  self-propaEad,  mechanical 
apiaadbig  and  IMMing  aquIpnNnt,  pnauntanc  tki  or  tnekad  type,  having  a  tamping  bar  or  vSxatory  screed  or 
sMke-dff  assembly  capable  of  dMtbuHng  the  rnatarW  to  not  lets  than  the  fidi  wMh  of  a  bafllc  iMie  and  to  the 
depth  needed  to  achieve  the  mbdmum  eompaeled  tWchness  or  finished  grade  at  laqubad.  The  screed  or 
etiite-off  aeeambty  ehal  be  equipped  wth  a  heating  unR  that  matolabs  the  temperaiure  needed  to  prevent 
laaiing  of  the  pai^  mbdure  during  tpreading.  Psvan  the*  laava  fidget,  inderUlioni  or  other  marks  in  tie 
eutfaoe  that  cannat  be  elminatad  by  leBng  er  prevented  by  ad^wiRtont  in  operation  of  the  equipmenl  than  not 
beuted. 
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6.3  HAULING  EQUIPMENT:  Trucks  for  hauHirg  the  paving  mlxtura  shall  be  and,  bally  or  bottom  gate  dump  or 
moving  bottom  (horizonlal  discharge)  type,  and  oompatibla  with  the  spraadii^  aquipmant.  If  an  atxl  dump  unit  is 
used,  the  bad  shall  not  push  down  on  the  paver  receiving  hopper  whan  fully  laisad  or  have  too  short  a  bad  which 
results  In  mixture  spAlaga  In  front  of  the  paver. 

The  trucks  Shan  be  aquippad,  whan  ordered  by  the  Enginaer.  with  a  canvas  or  similar  covering  so  as  to  prevent 
excassiva  hast  loss  tiurtng  cooler  weather  or  as  a  rasull  of  long  hauling  distanees. 

6.4  COMPACTION  EQUIPMENT:  Rotars  shaH  be  self-propelled,  2-axla  (tandem)  steel-wheel  type  and  shall  have 
a  minimum  weight  of  6  tons.  An  rollers  shall  be  equips  wHh  pads  and  a  watehng  system  to  prevent  sticking  of 
the  paving  mixture  to  the  steel  wheels  (drums).  Vibratory  rolleis  shall  be  used  (or  breakdown  passes  on 
gap-graded  mixes  except  when  this  causes  excessive  aggregate  fracturing  and  the  Enginaer  directs  otherwise. 
The  contractor  shall  furnish  a  mirtimum  of  two  of  the  rtillets  as  described  above.  Pneumstic-tired  rollers  shall  not 
be  used,  due  to  the  Increased  adhesiveness  of  the  asphalt-rubber  binder. 

6.5  BLOTTER  SPREADING  EQUIPMENT:  Blotter  shall  be  spread  using  hopper  or  whirl  type  tailga'ie  spreaders. 


7.  CONSTRUCTION  PROCEDURES 

7.1  GENERAL:  Potholes  and  other  areas  of  pavement  failure  and  major  depressions  bt  the  existing  pavement 
surface  shaH  be  repaired  by  patching  with  asphalt  ooncrele. 

Cracks  greater  in  width  than  1/4  inch  shall  be  repaired  with  an  appropriate  filler  or  sealant. 

Immediately  prior  to  application  of  a  tack  coat,  the  surface  shall  be  thoroughly  daaned  by  sweeping. 

7.2  TACK  COAT:  The  type,  grade  or  designation,  arid  the  rate  of  application  (or  the  spedfle  usage  will  be  specified 
by  the  Engineer. 

7.3  ASPHALT-RUBBER  PRODUCTION  RECORDS:  The  asphalt-rubber  supplier  shall  maintain  records  indicating 
(or  each  batch  of  asphalt-nibber  bkidar  produced  the  quantity  of  asphalt  cement  In  galloiM  and  pounds,  the 
temperature  of  the  asphalt  cement,  the  amour .  of  anti-strtp  or  other  additives.  If  used.  In  ganqns  and/br  pounds, 
and  the  quantity  of  CRM  in  pounds.  This  information  Shalt  be  provided  to  the  Engineer  on  a  d^  basis. 

7.4ASPHALT-RUBBER/A<36RE6ATE  MIXTURE  PREPARATION:  Tha  asphaR-iubbar  bbiclar  shaH  be  at  a 
lemparature  of  300^  to  37S”F  when  pumped  and  metered  into  the  mixing  plant. 

Tha  aggregate  ahal  be  dried  and  haatad  to  pravida  a  paving  mixture  knmadiataly  after  mixing  wHh  a  tamparatui  a 
not  excaading  32^  and  a  moistura  content  not  exceeding  l.O  percent  by  weight  of  mfadura. 

Tha  mbdng  opatMlon  ahM  be  luHIciant  to  schievo'  a  sattsfadory  mlxtura  wRh  100%  oeaHad  parUoIss  as 
datarmbtad  by  AASHTO  T 195  or  ASTM  0  2489. 

If  tha  mlxtura  is  diichaigad  frem  tha  mixer  btto  o  hot-mix  surge  or  storage  bin,  tha  bbi  shaH  be  operated  so  that 
segregation  of  tha  mixiure  wW  be  mbtbnizad. 

7.5  HAUUNG  OF  ASPHALT-RUBBER/AGGREGATE  MIXTURE:  Truck  bade  ahaH  be  dean  of  matarials  such  as 
dbt  mud  and  aggregatea.  Just  prior  to  loadbig  of  lha  mixture,  tha  buck  bad  stial  bo  spnyad  wHh  a  Ight 
applcattoiiofaaoMiyidkritonoraaBoooeemutstontoieducaatlddngofthamlxturetothabuckbad.  OiOngof 
buck  bade  wHh  harwena  or  diotal  kid  wN  not  be  parmlttsd  due  to  advaisa  affacla  on  lha  bbidsr. 

7.0  SPREADING  OF  ASPHALT-RUBBER/AGGREOATE  MIXTURE:  Tha  mbdura  skdl  be  plaoed  and  IbHthed  by 
maans  of  paving  aqdpmant  at  required  by  Section  62  except  under  certain  oorxtHtons  or  at  Odtobi  locatians 
where  the  Engbiaar  datenninaa  the  use  of  sdf-prupsHsd  psvers  bnpraelicaL  The  temperature  of  the  mixture 
bnmadlMdy  behind  tha  paver  ahaH  be  a  minimum  of _ 
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Tha  paving  aqulpmard  i haN  plaea  lha  mbdura  wllhout  aagragatton  or  taaring  wHhIn  tha  tpadnad  tolaranef  > 
tiua  to  tha  ilna,  gtada  and  crown  Indicatad  on  tha  plans,  in  order  to  achieve  a  continuous  epraading  operai 
the  apnad  ol  the  paver  than  ba  eoordineled  wKh  tha  production  of  the  mixing  plant. 

The  width  of  each  pass  of  tha  paver  shall  ba  litnilad  to  the  maximum  width  of  tha  heated  screed  or  strike 
assembly  and  side  augers.  The  screed  may  ba  extended,  at  the  dlserallon  of  ihe  Engineer,  beyond  the  cn< 
the  auger  for  short  distanoss  wttara  bragulaiiliaa  in  the  pavement  width  occur. 

The  mixture  shaS  rxit  be  iHacad  on  any  wet  surface  or  whan  wealher  oondHIons  will  otherwise  prevent  pro 
handling  or  finishing.  The  recommended  minimum  almosphcrto  temperature  for  placement  of  thin  ( 1-Inch  thi 
ovedays  Is  SO^F  and  rising. 

7.7  COMPACTION  OF  ASPHALT-RUBBER/AGGREGATE  MIXTURE:  The  mixture  Shall  be  rolled  by  means 
the  compadion  equipment  as  required  In  Section  6.4.  A  minimum  of  two  rollers  shaH  be  used  for  mixti 
compaction  unless  othenvise  directed  by  the  Engineer. 

Initial  or  braakdown  aampactlon  shall  oommanoa  immadiataly  after  mixture  spreading  and  shaH  continue  unti  t 
minimum  required  rfensity  '  is  obtained,  unless  otherwise  directed  by  tha  Engineer.  AH  roWng  shall 
aecompllshad  wHhoul  excessive  aggregate  fracturing  or  mixiufe  shoving. 

7.8  APPLICATION  OF  BLOTTER  MATERIALS:  The  appHcMion  of  blotter  material  (usually  1  to  3  pounds  f 
square  yard)  mealing  the  requiramanis  of  Sactlon  4.3  may  bo  requirad  on  a  waim  mat  before  opening  to  traff 
The  use,  rate  and  localions  for  blotter  material  shall  be  designated  by  the  Engineer.  Any  blotter  material  shaH 
unifoimly  applied  using  equipment  spadTied  in  Section  6.S.  The  contractor  shall  ba  rasponsibla  tor  removir 
excess  blolter  material  wRhln  24  hours  after  application. 

7.9  TRAFFIC  CONTROL;  Traffic  Shan  be  diraeied  through  the  project  with  such  signs,  barricades,  device 
flagmen,  and  pHot  vehicles  ns  may  ba  necessary  to  piovide  the  maximum  safety  for  the  public  and  the  workmt 
with  minimum  Merrupllon  of  Ihe  work  and  to  protect  the  mat  from  damage  until  suffxtiently  cooled  or  coven 
with  blottar  to  cany  traffic. 


8.  METHOD  OF  MEASUREMENT  AND  BASIS  OF  PAYMENT 

8.1  ASPHALT-RUBBER  BINDER:  The  asphaH-rubber  binder  shall  be  measured  and  paid  for  per  too  of  binder ; 
the  mfadure  under  Asphalt-Rubber  Binder  which  includes  ssphaR  cement,  crumb  njfaber  modifier  (CRM),  and  ar 
addHIvas. 

8.2  ANTI-STRIP:  Anti-strip  material  wB  be  measured  and  paid  for  par  gallon  for  liquid  antLstilp;  or  per  ton  fc 
hydrated  Kma  or  Portland  oamant. 

8.3  ASPHALT-RUBBER  CONCRETE:  The  asphaft-rubbaefeggragata  mbdura  shaH  be  measurad  and  paid  for  pt 
ton  In-placa  under  AsphaR-Rubbar  Concrete  which  bidudas  the  mineral  sggragata  as  spedKad,  asphsK-iubbr 
concrete  mbiture  preparation,  hauling,  spreading  and  compaction  as  specified. 

8.4  SLOTTER  MATERIAL:  Tha  btotler  mslerial  wil  be  measured  and  paid  for  par  ton  bvplaoe  under  Btotte 
Mateilal,  as  spaonad. 

8.5  TACK  COAT:  The  lack  coat  wM  be  measured  and  paid  for  per  ton  kvplaoa  under  Asphalt  for  Tack  Coat,  a: 
specined. 

8.6  PATCHING:  Any  pavement  patching  as  spedfiad  will  be  measurad  and  paid  for  per  square  yard  unde 
Pavement  Repair  (patching). 

8.7  CRACK  SEALING:  Any  crack  easing  as  spseifled  will  be  measurad  and  paid  (or  per  Rnear  foot  unde 
Pavamant  Repair  (crack  seslng). 
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t.8  TRAFFIC  CONTROL:  Th*  Iramc  oontiol  win  b«  a  lump  aum  Rem  and  paid  (or  under  Traffic  Coniioi.  < 
tpecified. 


NOTES  TQENGINEEB 

A.  Spadfy  that  eRhar  an  opart-gradad  or  gap-graded  aiphatt-nibbaf  oonereto  pavement  it  to  be  eonstnieled.  The  ope 
and  gap-graded  mixet  can  (and  ahoutd)  tM  produ^  at  higher  binder  oonlentt  than  oonventlonal  danie-srade< 
mlxai,  which  Incraatei  their  durabllRy  and  flaidbllRy  (retlstance  to  cracking).  The  Incrcaxad  stiifneas  cf  thi 
atphaR-nibber  Pindar  at  h^  tamparaturat  and  the  Improvad  atona-tPttona  contact  of  mesa  mixes  provider 
incraasad  resistance  to  rxitting. 

B.  The  asphaR-niPbar  Pindar  is  typlcaRy  designed  for  three  nominal  climata  ranges,  hot,  moderate,  and  cold,  as  showi 
in  Table  1 .  The  firet  blank  In  Section  3  should  apadly  the  type  of  asphaR-nibbar  to  be  used  (Hot,  Moderate,  or  Cold) 

C.  It  It  not  nacastary  to  tpacVy  the  grade  of  atphaR  eamant  to  be  used  In  preparing  the  asphaR-nibbar  binder.  Th« 
asphak-njbbar  suoplar  ahould  be  alowad  seM  the  grade  of  asphaR  cement  that  whan  Mended  wNh  the  CRM  wit 
meat  the  propartlet  tpacMad  In  Table  1. 

O,  For  open  or  gapgradad  mixes,  eRhar  Grade  A  or  Grade  a  Is  acceptable. 

E.  Propartafacflanofminaralaggfegefelsviaryintporfanftorpradueftonofatphair-nibbarconcralepavfngmMtures.  in 
addRIon  to  the  ganaral  daacrlpllva  raquiramania  oontalnad  in  Section  4,  other  parameters  are  also  used  in  this 
apecRIcalton  (or  tdenllfying  aggregates  which  are  appropriate  lor  spacMc  mixtures  and  traffic  condRIons.  LImRs  (or 
these  perametera  toRow  in  Table  3. 


TABLE  3 

SUGGESTED  GRADATION  SPECIFICATION 
FOR 

OPEN  AND  GAP-GRADED  ASPHALT-RUBBER  CONCRETE 


Mix  Type 

Op«rwGrid«d 

Gap>Grad«d 

Sieve  Site 

3»* 

iir 

vr 

1/r 

3/4" 

r 

too 

100 

too 

100 

100 

314* 

too 

100 

too 

100 

90-100 

1/r 

too.. 

85-100 

too 

80-100 

65-85 

w 

85-100 

75-85 

78-82 

70-80 

50-70 

•4 

25-55 

20-45 

28-42 

24-42 

22-42 

•8 

fr^lS 

5-15 

15-25 

15-25 

15-25 

830 

0-10 

0-10 

5-15 

5-15 

5-15 

*200 

0-5 

0-5 

3-7 

3-7 

3-7 

The  RmRaoonlalnad  In  Tattto  3  are  toteratodto  be  a  guide  far  setocBcn  Of  appropriate  aggregates.  These  limits  may 
bo  moiWad  tar  use  In  areu  where  aggregates  mseBwg  these  requlremento  cannot  be  produoad  at  a  reasonable 
oost.  The  we  cl  a  standard  gradation  (tom  a  stale  highway  dspaitmenLclly  or  county  that  generaRyfoRows  these 
guidelines  may  be  aeeagtable. 
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AggragM*  quaWy  K  vwy  knpoftwtl  lo  patfonranct  of  any  hot  mix,  icMIng  tho$«  producad  with  aiphait-rubb 
Wndan  Tha  incraasad  atona-to-ttona  oontael  of  lha  opan  and  gap^tadad  mixat  raquirat  lha  uaa  ol  hard  cixism 
alona  or  gmvai.  Tha  following  praaontt  racommandad  physical  raquiramanta  for  aggregatas  to  ba  used 
aaphait>(ulibar  oonoata  mixaa. 


Tabled 

Racommandad  Physical  Raquiramanta  for  Aggragalaa 


Fractured  Feces  (Retained  *8) 

2-(raaurad  faces 

1 -fractured  face 

•S%  minimum 
go%  minimum 

Abrasion  Loss  (AASHTO  T  g6) 

8%  maximum 

35%  maximum 

Ssnd  Equivalent  (AASHTO  T  1 76) 

55  minimum 

Clay  Lumps  &  Friable  Particle  in  Aggregate 
(ASTM  C  142) 

1.0%  maximum 

If  an  agency  normally  uses  other  tests  not  shown  hare  which  aliminala  poor  quality  aggregatas,  any  such  tasis  am 
appiopriata  Kmlta  should  also  ba  Indudad  m  the  apadneallon. 

F.  Salaci  who  w«  perform  lha  mix  design.  If  no  axpartanead  mdapandanl  laboratory  or  other  source  Is  avallabla.  wt 
raoommand  that  lha  asphali-nibbar  suppuar  allher  perform  the  mix  design  or  at  least  ba  oortsuHad  ragardinc 
appropriate  procedures  and  evaluat-on  criteria 

G.  Gap-graded  asphalt-rubbar  mixes  can  be  designad  using  modiTted  Marshall  or  Hvaem  procaduras,  but  avaKiaiior 
crllaria  dWar  slgnlll^ly  from  those  for  standard  asphalt  eoncrata  mixes.  In  gartaral,  asphalt-rubber  hot  mixer 
should  ba  designed  at  greater  binder  contents  than  standard  asphalt  concrete  mixes, 

Recommended  Marshall  and  Hvaem  mixture  properties  for  the  respective  mix  types  are  as  follows: 


Mixture  Property 

Gap-Graded 

Open-Graded 

Marshall  Stability 

Report 

N/A 

Hvaem  Sisbiiameter 

Report 

N/A 

Marshall  Flow 

Report 

N/A 

Effsclivt  Voids 

3  to  6% 

See  Note ' 

VMA 

Minimum  18% 

Minimum  22% 

Retained  Tensile  Strength  (ASTM  0  4867,  with  (reaze 
eyole  ncommended) 

Minimum  60% 

N/A 

Asphalt-Rubber  Binder  Content,  by  Wt.  o(  Total  Mix 

NfA 

See  Note ' 

'  Effeoitva  voids  of  laboratory  oorrqwctad  opamgradad  mixes  should  ba  determinad  using  paraffin 
eoatad  specimens  (ASTM  OHM). 

*  Binder  contents  for  Open-Graded  mixes  am  generally  between  e.S  and  1 1 .0  percent _ 


H.  Racommandad  mixture  spread  temperature  are: 

Open-graded  •  minimum  2S0*F 
Cap-graded  -  minimum  27(RF 

I.  For  gapiiraMd  mixes  the  recommended  compaction  is  at  least  85%  of  the  laboratory  density  obtained  from  field 
samplas  of  tha  mix,  or  a  minimum  of  82%  of  theoretical  maximum  dansity  oblainad  from  field  samples.  For 
oparvgradsd  mixes  oompaclion  Is  typicaly  coniroled  by  a  melhad  spadflcaliDn  with  a  minimum  number  of 
omraragas  o!  radars  andfor  estsblishing  a  reding  pattern  using  a  test  section.  Requirements  for  sampling  and  testing 
ofdensly  should  be  Incorporated  into  this  sexton 
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